The annealing of heavily doped GaAs:Te can signicantly change the free electron concentration in a reversible manner. These changes of electrical properties are accompanied by the structural changes of GaAs:Te solid solution. We used X-ray Absorption Fine Structure at K-edge of tellurium to determine local changes around Te atoms for dierent states of the GaAs:Te crystals caused by the annealing corresponding to dierent electron concentrations. The best EXAFS t for the samples with high electron concentration was obtained for the substitutional TeAs model with elongated TeGa bonds (as compared to the AsGa distance). For the samples in the low concentration state the best t was for the pairs of Te atoms forming a rhombohedral symmetry double-DX centre, with the proportional admixture of the substitutional tellurium PACS: 61.05.cj, 61.72.uj 
Introduction
In heavily doped GaAs:Te reversible changes of the free electron concentration with the high temperatures annealing were observed since early sixties [1, 2] . Tellurium doping of GaAs is used to provide n-type conductivity.
Tetrahedrally coordinated Te substituting As is a shallow donor, and the electron concentration is usually close to the concentration of Te atoms. However, the annealing of heavily doped GaAs:Te can signicantly change the free electron concentration in a reversible manner. Using the X-ray diuse scattering technique, the reversible changes of the concentration were attributed to the structural changes in GaAs:Te solid solution [3, 4] . Various hypotheses were proposed to explain this deactivation mechanism in GaAs:Te. Fuller and Wolfstirn [1] suggested creation of impurity molecules which trap electrons. Some papers indicate gallium vacancy associated with the Te As quasisubstitutional defect as responsible for the observed compensation eect [2, 5, 6] . This complex was suggested on the grounds of Moessbauer experiments [5] , scanning tunnelling microscopy [6] , and other techniques. However, the V Ga Te As complex hypothesis does not explain the recovery of the electron concentration upon the high temperature annealing. Instead, the reversible changes of the concentration were attributed in [3, 4] to the creation of the impurity pairs which were revealed using the X-ray diuse scattering technique. We used X-ray Absorption Fine Structure at K-edge of tellurium to examine the local changes around Te for dierent states of GaAs:Te crystals corresponding to dierent electron concentrations. * e-mail: pietnoczka@if.pw.edu.pl
Experiment
GaAs:Te crystal has been grown by Czochralski method. Details of samples used in this study are presented in Table I . Tellurium impurity concentrations were determined based on the impurity segregation phenomena at liquidsolid phase transition during crystal growth [7] . Free electron concentrations were determined using resistivity and Hall eect measurements, with the uncertainity of 5%. The thermal treatments of GaAs:Te, were conducted in an evacuated sealed quartz glass ampoule with As vapour atmosphere (to prevent decomposition at the GaAs). For the H1 sample the free electron concentration is approximately equal to the tellurium atoms concentration (we call it a high electron concentration state). For the L1 and L2 samples free electron concentration is lowered by annealing to 88% and 21% of the value of tellurium atoms concentration, respectively. We refer to these samples as the low electron concentration state. the uorescence detection. Because of Te dilution selfabsorption eects could be neglected. A typical uorescence measurement geometry was used with a detector axis perpendicular to the X-ray beam and the sample surface at 45 degree angle to the X-ray beam. In order to limit thermal damping of EXAFS oscillations we kept the samples at a temperature of 80 K.
Results and discussion
The EXAFS data were extracted from the raw absorption data with the ATHENA program, and non-linear tting was carried out using the ARTHEMIS program (both programs from the IFEFFIT package [8, 9] ). The Te distance equal to 7.6 Å) along ⟨110⟩ direction and additionally cation-cation bonded state (Fig. 1) . Calculations of the centre formation energies using the density functional theory (VASP code [13, 14] ) indicate that such a defect complex is more stable than Te in the ideal zinc-blende structure. In the EXAFS calculation we used atomic positions obtained within that scheme. the R-factor value and reduced chi-square (χ 2 red ) [8, 9] .
The best t parameters are presented in Table II For the H1 sample the substitutional Te As model ts perfectly the EXAFS data (Fig. 3a) , with dilatation of the nearest-neighbour distance due to the dierence in atomic radii of Te and As (from 2.43 Å for the AsGa distance to 2.66 Å for the TeGa bond length). Surprisingly, no signicant increase in the interatomic distances is noted for the second-and third-neighbour shells.
The best EXAFS ts for the L1 and L2 samples
were obtained with models of a mixed: substitutional For the low state samples there were also performed ts with models of V Ga Te As complex. In Fig. 4 the results of tting for various considered models: Te As , Te As + DX Te and V Ga Te As are showed. For those ts the values of quality of the t R-factor equals 0.026, 0.008 and 0.017, respectively. For the V Ga Te As model, the quality of the t would be sucient to treat it as good (R − factors = 0.017) but the impossibility of reproducing the second peak (around 3.2 Å) proves the examined model to be incorrect (Fig. 4) .
Conclusions
The aim of this study was to relate the local changes around Te atoms to dierent electron concentrations. For the H1 sample with high electron concentration the substitutional Te As model ts perfectly the EXAFS data, with elongation of the nearest neighbor distance, i. e. the results of the X-ray diuse scattering measurements [3, 4] , which indicate Te atoms pairs as responsible for the reduction of electron concentration.
